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Method and device for storing and reproducing a radiation Image 



(57) A radiation Image storage device (10) com- 
posed of a fluorescent sheet which contains a phosphor 
which absorbs a radiation energy and em It a a light of 
ultraviolet or vlsfble region, and a radiation image stor- 
age panel (10a) having a fluorescent layer (12a) and a 
radiation Image storage layer (1 3), In which the fluores- 
cent layer contains a phosphor that absorbs a radiation 



energy and emits a light of ultraviolet or visible region, 
and the radiation Image storage layer conrains a phos- 
phor that absorbs the light emitted by the phosphors of 
the fluorescent layer and the fluorescent sheet to store 
energy of the absorbed light and releases the stored en- 
ergy In the form of a light upon irradiation with a tight of 
visible or infrared region is favorably employed for a ra- 
diation Image storing and reproducing method. 
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Description 

FIELD OF THE INVENTION 

(0001 J The present invention relates to a meihod for storing and reproducing a radiation imago utilizing a radiation 
Image 6iorage sheet and a radiation Image storage device having a radiation Image sioraga layer favorably employable 
for the radiation Image storing and reproducing method, 

BACKGROUND OF THE INVENTION 
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[0002] As a method replacing a conventional radiography, a radiation Image storing and reproducing method utilizing 
a stlmulable phosphor was proposed, and is practically employed. The radiation Image storing and reproducing method 
employs a radiation Image storage panel (I.e., stimulable phosphor sheet) comprising a stlmulable phosphor, and 
comprises the steps of causing the stimulable phosphor of the storage panel to absorb radiation energy having passed 
*$ through an object or having radiated from an object; sequentially exciting the stlmulable phosphor with an electromag- 
netic wave such as visible light or infrared rays (I.e., stlmufatlng light) to release the radiation energy stored In the 
phosphor as light emission (i.e., stimulated emission); photoelectrical^ detecting the emitted light to obtain electric 
signals; and reproducing the radiation Image of the object as a visible image from the electric signals. The panel thus 
treated is subjected to a step for erasing a radiation energy remaining therein, and then stored for the next Image 
storing and reproducing procedure. Thus, the radiation Image storage panel can be repeatedly employed. 
[0003] In the method, a radiation Image is obtainable with a sufficient amount of Information by applying a radiation 
to the object at a considerably smaller dose, as compared with a conventional radiography using a combination of a 
radiographic film and radiographic intensifying screen. 

[0004] The radiation Image storage panel has a basic structure comprising a support and a stlmulable phosphor 
layer provided thereon. But, if the phosphor layer is self-supporting, the support may be omitted. On the free surface 
(surface not facing the support) of the phosphor layer, a transparent protective film Is generally placed to keep the 
phosphor layer from chemical deterioration or physical damage. 

[0005] The phosphor layer generally comprises a binder and stlmulable phosphor particles dispersed therein, but it 
may consist of agglomerated phosphor without binder. The phosphor layer containing no binder can be formed by 
30 deposition process or firing process. Further, the layer comprising agglomerated phosphor soaked with a polymer is 
also known. In any types of phosphor layers, the stimulable phosphor releases a stimulated emission when excited 
with a stimulating light after having been exposed to a radiation such as X-rays. Accordingly, the radiation In the form 
of an (mage having passed through an object or radiated from an object Is absorbed by the phosphor layer of the 
storage panel In proportion to the applied radiation dose, and a radiation Image of the object Is produced In the storage 
panel In the form of a latent radiation energy-stored Image. The latent radiation energy-stored image can be released 
as stimulated emission by sequentially irradiating the panel with stimulating light. The sUmulated emission Is then 
photoelectrical^ detected to give electric signals. 60 as to reproduce a visible Image from the electric signals. 
[0006] Even in the radiation image storing and reproducing method described above, it is naturally desired that a 
radiation Image Is reproduced with a high sensitivity and with good quality (such as a high sharpness and a good 
gralnlness). Therefore, It is preferred to employ a stlmulable phosphor which can efficiently absorb a radiation energy 
which is applied to the phosphor and releases a high stimulated emission as quickly as possible when a stimulating 
light Is applied. 

[0007) Until now, a certain number of stlmulable phosphors are proposed and some of the proposed stimulable 
phosphors have been practically employed. The conventional radiation Image storing and reproducing method utilizes 
a system In which a stimulable phosphor absorbs a radiation energy transmitted from the object and then relieves a 
stimulated emission when a stimulating light is applied. It is not easy to produce or discover a phosphor which can 
efficiently absorb a radiation energy which Is applied to the phosphor and then releases a desired high stimulated 
emission as quickly as possible when a stimulating light is applied. 

[0006] For Instance, a rare earth metal activated alkaline earth metal fluorohallde phosphor is well known as a stlm- 
ulable phosphor which releases a stimulated emission efficiently. However, the fluorohallde phosphor Is not satisfactory 
in the property absorbing a radiation energy when a radiation Is applied to the phosphor. Moreover, it does not release 
the stimulated emission within a desirably short second after it receives the stimulating light. This indicates that the 
response time of the fluorohallde phosphor Is not satisfactorily short. 

[0009] The problem In the unsatisfactory response time can be solved by the use of a sensor system comprising a 
multiple number of sensor members such as a line sensor. However, the problem In the unsatisfactory absorption of 
the radiation energy has not been solved. 

[0010] Japanese Patent Provisional Publication No. 55-12142 discloses stlmulable ZnS phosphors, and Japanese 
Patent Provisional Publication No. 2-692 discloses an alkali earth metal sulfide phosphors. These stlmulable phosphors 
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EEL?," ur ; sal,sfaao, y- as l0 "9 as ,he afffclency In absorbing an applied radiation energy la concerned. 

2? I VTl P l ent Pub,ica,ion Na 8 ' 31 904 descri *»* a « d ««on Image storage panel comprising a stlmulable 

phosphor which absorbs a radiation energy of X-rays and further absorbs a ultraviolet light in tho wavelength region 

5 IrtlllMitht rnT^ 8 phosph ° r wh " ch f SOrt)S 8 radlat ' on hav,n 9 a ^velength of shorter than 25o nm and emits 
a ultraviolet light In Che wavelength region of 250 to 400 nm. Both phosphors are incorporated Into one layer or Incor- 
porated separately Into two phosphor layers. The ultraviolet light-absorbing phosphor serves as an aid to supply the 
scalable phosphor with a radiation energy by converting the radiation energy Into a ultraviolet light which can be 
absorbed by the stlmulable phosphor. 

10 SUMMARY OF THE INVENTION 

[001 2] The present Invention has an object to provide a new radiation image storing and reproducing method showing 

a hldh detection auflnrum »ffif-inf»M* 9 



a high detection quantum efficiency. 
[0013J Specifically, the invention has an object to provide a radiation Image storing and reproducing method which 
gives a reproduced radiation image of a high quality at a relatively low radiation dose applied to the object such as a 
human being. 

[0014] Further, the Invention has an object to provide a radiation image storage device which gives a reproduced 
radiation Image of a high quality at a relatively low radiation dose. 

20 AS S °i a , SBrleS ° f StUC " eS °" detecllon quantum efficiency (DOE) in the radiation Image storing and 

«h«„^ C 17o^! i t ' t T tof ha * h f d a " idSa to empl0y W0 or more Wnde of Phono's, one of which efficiently 
fr. ^ J IT 88 ?" r T app " 8d W the P h0S P hor Pleases a spontaneous light emission, and another 
or other of wruch efflelenily absorbs the light emission and stores the light emission as a radiation energy which can 
be released In the form of a light when it is exposed to a stimulating light. 

[0016J The Inventor has further studied the above-described idea and attained to the present Invention which has a 
23 vanety of working systems and embodiments. 

wrSc^comprteeTfhrS of* Pr8Se '" ' nVeml ° n * * ( ° reproducln 9 a radlatlon ,maaa 

placing a fluorescent sheet on a radiation Image storage panel comprising a fluorescent layer and a radiation 
image storage layer In such manner that the fluorescent sheet is arranged adjacent to the Image storage layer of 
the storage panel, so as to give a composite structure, the fluorescent sheet containing a phosphor which absorbs 
a radiation energy and emits a light of ultraviolet or visible region, the fluorescent layer of the storage panel con- 
taming a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible region and the 
radiation Image storage layer of the storage panel containing a phosphor which absorbs the light emitted by the 
phosphors of the fluorescent layer and the fluorescent sheet to store therein energy of the absorbed light and 
releases the stored energy in the form of a light upon Irradiation with a light of visible or Infrared region- 
applying onto the composite structure on the side of the fluorescent sheet or the radiation Image storage panel a 
radiation having penetrated trough an object, a radiation having been emitted by an object, or a radian having 
been scattered or diffracted by an object, so as to store energy of the applied radiation in the form of a latent image 
on the Image storage layer of the storage panel; 8 
separating the radiation Image storage panel from the fluorescent sheet; 

Irradiating the image storage panel on the side of image storage layer with stimulating light in a visible or Infrared 

^t„t n .l°o eXC ," e ph ° 8ph ° r T *» etora 9 e la y er 80 *e energy stored In the storage layer In the form of a 
latent Image Is released In the form of a light; 

collecting the light released from the storage layer by light-collecting means; 
converting the collected light Into a series of electric signals; and 
producing an Image corresponding to the latent Image from the electric signals. 

so T^^Te^rt ' nVent,0n re9lde3 8 ^ (, ° f ° r SIOri " 9 reprodUC,n9 S rad,atl0ri 

placing a radiation Image storage panel between two fluorescent sheets so as to give a composite structure, each 
of the fluorescent sheets containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet 
or valble region, and the radiation Image storage panel containing a phosphor which absorbs the light emitted by 

l^°,n P f s° r ! f "r: 0609 " 1 8heetS to M there,n ener fy of absorbed light and releases the stored 
energy In the form of a light upon irradiation with a light of visible or Infrared region- 
applying onto the composite structure on one side a radiation having penetrated through an object, a radiation 
having been om.tted by an object, or a radiation having been scattered or diffracted by an object, so as to store 
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energy of the applied radiation In the form of a latent Image on the Image storage panel- 
separating the radiation Image storage panel f rom the nuorescent sheets- ' 
Irradiating the Image storage panel with stimulating light In a visible or infrared region to excite the ohosohor in the 

of a7g e ht; S ° tHat ™» 5t ° red ,hS St0ra9e Pane ' *" lh ° 10 "" * a image la rl^n *e torm 
collecting the light released from the storage panel by light-collecting means- 
converting the collected light Into a series of electric signals; and 
producing an Image corresponding to the latent Image from the electric signals. 

^cJ^%?ZZT ,h ° ,nV6nt,0n re6id9S ' n 8 mMh ° d <"» 8l0 ""3 and "»">^9 * image 

placing a radiation Image storage panel on a fluorescent sheet so as to give a composite structure, the fluorescent 
the I7 a l 9 6 Ph ° SPh0r Wh ' Ch abSOrbS 8 rad,flt,0n enersy and em,u a »9 ht of ultraviolet o v7s tola So^ and 
Sic re^nTer^ ? P T COnte,n ' n9 3 Ph06Ph ° r *** abSOrb6 lhe "9 ht omitt <" * *• Phosphoj of T 
ro^Son^h^ 

applying onto the composite structure on one side a radiation having penetrated through an object a radiation 

ertcfofT em t? y Hr,° bjeCt '. 0r 8 rfldia,i ° n hav ' na been ^tterld'or diffracted by in obJeS so IEEE 
energy of the applied radiation .n the form of a latent image on the Image storage panel- 
separating the radiation Image storage panel from the fluorescent sheet- 
Irradiating the Image storage panel with stimulating light in a visible or infrared region to excite the phosphor In the 
o! aTght; "° ^ ^ ^ ^ * *° ,0fm °' a ,atent ^se7XT^ 

collecting the light released from the storage panel by light-collecting means: 
converting the collected light Into a series of electric signals; and 
producing an Image corresponding to the latent Image from the electric signals. 

^JS^z^zr* the invent,on res,dBs in a method (iv) ,orstorina and repreducina a 

S!!!" i mBfle at0ra89 P u ane ' com P r,sln 9 a ^orescent layer and a radiation Image storage layer, the 
\Z rloit r, m L e L P J: 0aPh T "*** abS0rb8 fl radia,ion enerfly and ernte a «W of ultravlolt or visible 

of he fluorescen layer to store therein energy of the absorbed light and releases the stored energ the So 
a light upon irradiation with a light of visible or infrared region 

applying onto the storage panel a radiation having penetrated' through an object, a radiation having been emitted 
by an object, or a radiation having been scattered or diffracted by an object so as to store enewv of the !™n!h 
rad.at.on In the form of a latent Image on the Image storage layer'or the storage pine. ™ " PP "' d 

™T n T 9 n^T T tB V PSnel °" th8 Side 0f ,ma9e stora 9 e ,aver *•* simulating 'light In e visible or infrared 

ttttSZ^ZZZf- 80 * e energy — ,n * e — ,ayer * - ^ " 

collecting the light released from the storage layer by light-collecting means- 
convening the collected light into a series or electric signals; and 
producing an Image corresponding to the latent Image from the electric signals. 

Woor^r.'isrr "* the ,nvemton resides ,n a method (v) for ^ and a «- «■« im age 

rht V Jr d ^«r'! Jra,,ly f "t 80 " 66 eBCh ° f Wh ' ch has thereln a "ascent sheer on a front side thereof fluorescent 
SXTth^ 

selecting ono of the cassettes; 

M SI« ohl 8 T 'tZT. ln ": aselected ^«» on a back s«de thereof, the radiation Image storage 
there n en ?i^fl P l P r ^ abSOrbS " 9ht emltled * the P h06 P hor °f the fluorescent layer to store 
SK2 ^££ZS£» re ' ea6e6 ^ ^ " 8 ^ ^ n °Zl 

applying onto the front side of the cassette a radiation having penetrated through an object, a radiation having 
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been emlned by an object, or a radiation having been scattered or diffracted by an object, so as to store energy 
of the applied radiation In the form of a latent image on the Image storage panel; 
taking the Image storage panel out of the cassette; 

irradiating the Image storage panel on the side wHh stimulating light in a visible or Infrared region to excite the 
phosphor m the Image storage panel so that the energy stored In the Image storage panel In the form of a latent 
Image Is released In the form of a light; 

collecting the light released from the image storage panel by light-collecting means; 

converting the collected light into a series of electric signals; and 

producing an Image corresponding to the latent Image from the electric signals. 



10 



[0022] From a still further aspect, the Invention resides In an apparatus for storing and reproducing a radiation Image 
utilizing a fluorescent sheet containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or 
visible region, and a radiation Image storage panel containing a phosphor which absorbs the light emitted by the phos- 
phor of the fluorescent layer to store therein energy of the absorbed light and releases the stored energy in the form 
'5 of a light upon Irradiation with a light of visible or infrared region, which comprises: 

a housing having on outer surface thereof a plate with which an object Is kept In contact; 
the radiation image storage panel fixed within the housing In a position facing the plate; 

The fluorescent sheet which is provided in the housing In a position facing the fixed image storage panel under 
20 such condition that the fluorescent sheel Is able to move forward and backward In relation to the Image storage 

sheet; and 9 

a light-detecting means which is placed In the vicinity of the Image storage panel and which Is able to move Into 
a space formed when the fluorescent sheet moves backward. 



2S 



[0023J In the Invention, the radiation employable for the radiation image reproduction means X-rays, a-rays B-rays 
y-rays, ultraviolet rays, neutron-rays, and their analogue rays. The ultraviolet to visible wavelength region means a 
wavelength range of 200 nm to 600 nm, while the visible to Infrared wavelength region means a wavelength ranae of 
500 nm to 1 ,800 nm. 

30 BRIEF DESCRIPTION OF DRAWINGS 

[0024] Fig. i Illustrates a structure of one representative example of a radiation Image storage device according to 
the invention. 

[0025J Fig. 2 illustrates a structure of another representative example of a radiation image storage device accordino 
38 to the invention, 

[0026] Fig. 3 illustrates a structure of a further representative example of a radiation Image storage device according 
to the Invention. w 

[0027] Fig. 4 Illustrates a structure of a still further representative example of a radiation image storage device ac- 
cording to the Invention. 

40 [002aj Fig. S Illustrates a structure of a still further representative example of a radiation Image storage device ac- 
cording to the Invention. 

[0029] Fig. 6 schematically Illustrates one representative radiation Image reproducing system. 
[0O30] Fig. 7 Illustrates a structure of a still further representative example of a radiation Image storage device ac- 
cording to the Invention. 

\™IV ^ B ^ a 9raph showlng a mass ener 9y Sorption coefficient fti^/p) of GdjO^S In the X-ray region. 
£3 r' 9 ' 9 13 B 9raph ehow,n 9 a ma3S ener 9y absorption coefficient (u^/p) of Csl In the X-ray region. 
[0033] Fig. 10 Illustrates a structure of a still further representative example of a radiation image storage device 
according to the Invention. 

f™! ~ 9 ' 1 1 ,,,ustrales a muhl-layered filter employable for the radiation Image storage device of the Invention 
[0035] Fig. 12 is a graph Indicating the light transmission property of the multi-layered filter. 
[0036] Fig. 13 Is a graph Indicating a relationship between an Incident angle end a trans rnlttance in the specific 
wavelengths. 

[0037] Fig. 14 Illustrates a structure of a still further representative example of a radiation imago storaqe device 
according to the Invention. u 

[0038] Fig. 1 5 Indicated a preferable area In the relationship of a diffuse reflecttng layer between a layer thickness 
and a diffuse reflectivity. 

[0039] Fig. 1 e Illustrates an example of a cassette for encasing a radiation image storage device of the Invention. 
[0040] Fig. 1 7 schematically fndlcates a radiation Image reproducing apparatus employable for the Invention. 
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[0Q41] Fig, 1 8 Illustrates another example of a cassette for encasing a radlauon image storage device of the Invention. 
[0042] Fig. 19 schematically indicates a radiation image storing and reproducing apparatus favorably employable 
for the Invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0043] Preferred embodiments of the invention are described below: 

(1) The method (I) in which each of the fluorescent sheet and the radiation Image storage panel Is equipped with 
means containing Information on the sheet or the storage panel, and the Information is read out after the latent 
Image Is stored In the storage layer of the storage panel. 

(2) A radiation Image storage device comprising a fluorescent sheet which contains a phosphor which absorbs a 
radiation energy and emits a light of ultraviolet or vlstole region, and a radiation Image storage panel comprising 
a fluorescent layer and a radiation image storage layer, the fluorescent layer of the storage panel containing a 
phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible region, and the radiation Image 
storage layer of the storage panel containing a phosphor which absorbs the light emitted by the phosphors of the 
fluorescent layer and the fluorescent sheet to store therein energy of the absorbed light and releases the stored 
energy In the form of a light upon irradiation wlih a light of visible or Infrared region. 

(3) The device of (2) above In which the radiation Image storage layer of the radiation Image storage panel has a 
20 thickness lees than that of the fluorescent layer. 

(4) The device of (2) above, In which the radiation Image storage layer of the radiation Image storage panel has 
a thickness In the range of 0.2% to 20%, based on the total thickness of the fluorescent sheet and the fluorescent 
layer of the storage panel. 

(5) The device of (2) above, In which at least one layer of the radiation Image storage panel la colored with a dye 
which absorbs at least one of the stimulating rays, a light released from the radiation Image storage layer, a light 
released from the fluorescent layer, and a light released from the fluorescent sheet. 

(6) The device of (2) above, in which the fluorescent sheet has on a surface thereof a protective layer and the 
radiation image storage panel has on a surface thereof a protective layer, the former protective layer showing a 
row of electrification corresponding to that of the latter protective layer. 

(7) The device of (2) above, In which a selective reflecting layer allowing passage of the light released by the 
phosphor in the fluorescent layer, while reflecting the stimulating light and the light released by the Image storage 
layer is provided In the radiation image storage panel between the fluorescent layer and the radiation Image storage 
layer. 

(8) The device of (2) above, in which the phosphors in the fluorescent sheet and the radiation Image storage layer 
and fluorescent layer of the radiation Image storage panel are all In the form of particles, the phosphor In the 
storage layer having a mean diameter equal to or less than that of at least one of the phosphor in the fluorescent 
sheet and the fluorescent layer. 

(9) The device of (2) above, In which the radiation Image storage layer shows an absorption coefficient for the light 
released from the phosphors In the fluorescent layer and the fluorescent sheet as much as twice or more those of 
the fluorescent layer and fluorescent sheet for the Irradiated radiation. 

(10) The device of (2) above, In which at least one of the fluorescent sheet and the fluorescent layer comprises 
aclcular phosphor particles arranged vertically or comprises partitions defining the layer on a plane thereof and 
phosphor-containing areas enclosed with the partitions. 

(11) The device of (2) above, In which each of the fluorescent sheet and the radiation image storage panel Is 
equipped with means containing Information on the sheet or the storage panel. 

(12) The device of (2) above, In which at least one of the phosphors contained in the fluorescent sheet and fluo- 
rescent layer has a density of 6,0 g/cm 3 or more, or at least one of the fluorescent sheet and fluorescent layer has 
a density of 4.0 g/cm 3 or more. 

(13) The device of (2) above, in which the light released from the phosphor contained in the radiation Image storage 
layer shows a secondary stimulating spectrum overlapping with an emission spectrum of at least one of the light 
released from the phosphors contained In the fluorescent sheet and fluorescent layer at 70% or more. 

(14) The device of (2) above, in which each of the phosphor in the fluorescent sheet and the phosphor In the 
fluorescent layer has an atomic element of the atomic number 37 or larger, provided that the atomic element 
contained In the phosphor of the fluorescent sheet differs from that contained In the phosphor of the fluorescent 
layer. 

(15) The device of (2) above, in which each of at least one of the fluorescent sheet and the fluorescent layer, and 
the radiation Image storage layer comprises phosphor panicles and a binder, provided that each of a ratio of the 
binder to the phosphor In tho fluorescent sheet or the fluorescent layer and a ratio of the binder to the phosphor 
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In the storage layer Is 1 or more, and the former ratio Is equal 10 or larger than the latter ratio. 

(16) The device of (2) above, In which the radiation image storage panel or the fluorescent sheet has a light- 
reflecting support or a composite of a support and a diffuse-reflecting layer. 

(17) A radiation Image storage device comprising a fluorescent sheet which contains a phosphor which absorbs 
a radiation energy and emits a light of ultraviolet or visible region placed on a radiation image storage panel com- 
prising a fluorescent layer and a radiation image storage layer In such manner that the fluorescent layer Is arranged 
adjacent to the fluorescent layer, the fluorescent layer of the storage panel containing a phosphor which absorbs 
a radiation energy and emits a light of ultraviolet or visible region, and the radiation Image storage layer of the 
storage panel containing a phosphor which absorbs the light emitted by the phosphors of the fluorescent layer and 
the fluorescent sheet to store therein energy of the absorbed light and releases the stored energy In the form of a 
light upon Irradiation with a light of visible or Infrared region. 

(18) The method (II), In which each of the fluorescent sheet and radiation image storage panel is equipped with 
means containing Information on the sheet or the storage panel, and the Information Is read out after the latent 
Image is stored In the storage panel. 

(19) A radiation Image storage device comprising a radiation Image storage panel and two fluorescent sheets, 
each of the fluorescent sheets containing a phosphor which absorbs a radiation energy and emits a light of ultra- 
violet or visible region, and the radiation Image storage panel containing a phosphor which absorbs the light emitted 
by the phosphors of the fluorescent sheets to store therein energy of the absorbed light and releases the stored 
energy in the form of a light upon Irradiation with a light of visible or infrared region. 

(20) The device of (1 9) above, In which the radiation image storage panel has a thickness less than that of each 
of the fluorescent sheets. 

(21) The device of (19) above, In which the radiation Image storage panel has a thickness In the range of 0.2% to 
20%, based on the total thickness of both of the fluorescent sheets. 

(22) The device of (i 9) above, In which at least a portion of the radiation Image storage panel Is colored with a 
dye which absorbs at least one of the stimulating rays, a light released from the radiation image storage layer, and 
a light released from each of the fluorescent sheets. 

(23) The device of (1 9) above, In which at least one the fluorescent sheet has on a surface thereof a protective 
layer and the radiation Image storage panel has on a surface thereof a protective layer, the former protective layer 
showing a row of electrification corresponding to that of the latter protective layer. 

(24) The device of (19) above, In which the phosphors In the fluorescent sheet© and the radiation image storage 
panel are all In the form of particles, the phosphor In the storage panel having a mean diemeter equal to or less 
than that of at least one of the phosphors in the fluorescent sheets. 

(25) The device of (19) above, in which the radiation image storage panel shows an absorption coefficient for the 
light released from the phosphors In the fluorescent sheets as much as twice or more those of the fluorescent 

33 sheets for the Irradiated radiation, 

(26) The device of (1 9) above, in which at least one of the fluorescent sheets comprises aclcu lar phosphor particles 
arranged vertically or comprises partitions defining the layer on a plane thereof and phosphor-containing areas 
enclosed with the partitions. 

(27) The device of (1 9) above, In which each of the two fluorescent sheets and the radiation Image storage panel 
is equipped with means containing Information on the sheet or the storage panel. 

(26) The device of (19) above, In which at least one of the phosphors contained In the fluorescent sheets has a 
density of 6.0 g/cm 3 or more, or at least one of the fluorescent sheets has a density of 4.0 g/cmS or more. 

(29) The device of (1 9) above, In which the light released from the phosphor contained In the radiation image 
storage panel shows a secondary stimulating spectrum overlapping with an emission spectrum of at least one of 
the light released from the phosphors contained In the fluorescent sheets at 70% or more. 

(30) The device of (19) above, In which each of the phosphors in the fluorescent sheets has an atomic element of 
the atomic number 37 or larger, provided that the atomic element contained In the phosphor of one fluorescent 
sheet differs from that contained in the phosphor of another fluorescent sheet 

(31) The device of (19) above, In which each of at least one fluorescent sheet and the radiation Image storage 
panel comprises phosphor particles and a binder, provided that each of a ratio of the binder to the phosphor In at 
least one fluorescent sheet and a ratio of the binder to the phosphor In the storage panel Is 1 or more, and the 
former ratio Is equal to or larger than the latter ratio. 

(32) The device of (1 9) above, In which the radiation image storage panel or ono fluorescent sheet has a light- 
reflecting support or a composite of a support and a diffuse-reflecting layer. 

(33) A radiation image storage device comprising two fluorescent sheets and a radiation Image storage panel 
Intervening between the fluorescent sheets, each of the fluorescent sheets containing a phosphor which absorbs 
a radiation energy and emits a light of ultraviolet or visible region, and the radiation image storage panel containing 
a phosphor which absorbs the light emitted by the phosphors of the fluorescent sheets to store therein energy of 
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the absorbed light and releases the stored energy In the form of a light upon Irradiation with a liqht of visible or 
infrared region. 

(34) The method (III), in which each of the fluorescent sheet and radiation image storage panel is equipped wtlh 
means containing information on the sheet or the storage panel and the information la read out after the latent 
Image Is stored In the storage panel. 

(35) A radiation Image storage device comprising a radiation Image storage panel and a fluorescent sheet, the 
fluorescent sheet containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or vfslb/e 
region, and the radiation image storage panel containing a phosphor which absorbs the light emitted by the phos- 
phor of the fluorescent sheet to store therein energy of the absorbed light and releases the stored energy In the 
form of a light upon Irradiation with a light of visible or Infrared region. 

(36) The device of (35) above, in which the radiation image storage panel has a thickness less than that of the 
fluorescent sheet 

(37) The device of (35) above, in which the radiation image storage panel has a thickness in the range of 0.2% to 
20%, based on that of the fluorescent sheets. 

(36) The device of (36) above, in which at least a portion of the radiation Image storage panel is colored wfth a 
dye which absorbs at least one of the stimulating rays, a light released from the radiation Image storage layer and 
a light released from the fluorescent sheet. 

(39) The device of (35) above, In which the fluorescent sheet has on a surface thereof a protective layer and the 
radiation image storage panel has on a surface thereof a protective layer, the former protective layer showing a 
row of electrification corresponding to that of the latter protective layer. 

(40) The device of (35) above, In which the phosphors In the fluorescent sheet and the radiation Image storage 
panel are all in the form of particles, the phosphor In the storage panel having a mean diameter equal to or less 
than that of the phosphor In the fluorescent sheet. 

(41 J The device of (35) above, In which the radiation Image storage panel shows an absorption coefficient for the 
light released from the phosphor In the fluorescent sheet as much as twice or more that of the fluorescent sheet 
for the Irradiated radiation. 

(42) The device of (35) above, In which the fluorescent sheets comprises aclcular phosphor particles arranged 
vertically or comprises partitions defining the layer on a plane thereof and phosphor-containing areas enclosed 
whh the partitions. 

(43) The device of (35) above, In which each of the fluorescent sheet and the radiation image storage panel is 
equipped wllh means containing Information on the sheel or the storage panel. 

(44) The device of (35) above, In which the phosphor contained In the fluorescent sheet has a density of 6.0 gy 
cm 3 or more, or the fluorescent sheet ha3 a density of 4.0 g/cm 3 or more. 

(45) The device of (35) above, In which the light released from the phosphor contained In the radiation image 
storage panel shows a secondary stimulating spectrum overlapping with an emission spectrum of the light released 
from the phosphor contained in the fluorescent sheet at 70% or more. 

(46) The device of (35) above, In which each of the fluorescent sheet and the radiation Image storage panel com- 
prises phosphorpartlcles and a binder, provided that each of a ratio of the bfnderto the phosphor In the fluorescent 
sheet and a ratio of the binder to the phosphor In the storage panel Is i or more, and the former ratio is equal to 

40 or larger than the latter ratio. 

(47) The device of (35) above, In which the radiation Image storage panel or the fluorescent sheet has a light- 
reflecting support or a composite of a support and a diffuse-reflecting layer. 

(48) A radiation image storage device comprising a fluorescent sheete placed on a radiation Image storage panel 
the fluorescent sheet containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or 
visible region, and the radiation Image storage panel containing a phosphor which absorbs the light emitted by the 
phosphors of the fluorescent sheet to store therein energy of the absorbed Ught and releasee the stored energy 
In the form of a light upon Irradiation with a light of visible or Infrared region. 

(49) A radiation Image storage device comprising a fluorescent layer and a radiation Image storage layer, the 
fluorescent layer containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible 
region, and the radiation image storage layer containing a phosphor which absorbs the light emitted by thaphosphor 
of the fluorescent layer to store therein energy of the absorbed light and releases the stored energy In the form of 
a light upon Irradiation with a light of visible or Infrared region. 

(50) Tho device of (49) above, in which the radiation Image storage layor has a thickness in the range of 0.2% to 
20%, based on that of the fluorescent sheet. 

(51 ) The device of (49) above. In which at least a portion of the device is colored with a dye which absorbs at least 
one of the stimulating rays # a light released from the radiation Image storage layer, and a light released from the 
fluorescent layer. 

(52) The device of (49) above, In which a selective reflecting layer allowing passage of the light released by the 
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phosphor In the fluorescent layer, while reflecting the stfrnulatlng light and the light released by the Image storage 
layer Is provided between tha fluorescent layer and the radiation image storage layer. 

(63) The device of (49) above, In which the phosphor in the radiation Image storage layer and fluorescent layer 
are all In the form of particles, The phosphor In the storage layer having a mean diameter equal to or less than that 
of the phosphor In the fluorescent layer. 

(54) The device of (49) above, In which the radiation Image storage layer shows an absorption coefficient for the 
light released from the phosphor In the fluorescent layer as much a6 twice or more that of the fluorescent layer for 
the Irradiated radiation. 

(55) The device of (49) above, In which the fluorescent layer comprises ecicuiar phosphor particles arranged 
vertically or comprises partitions defining the layer on a plane thereof and phosphor-containing areas enclosed 
with the partitions. 

(56) The device of (49) above, in which the phosphor contained In the fluorescent layer has a density of 6.0 g/cmS 
or more, or the fluorescent layer has a density of 4.0 g/cm 3 or more. 

(57) The device of (49) above, In which light released from the phosphor contained in the radiation image storage 
layer shows a secondary stimulating spectrum overlapping with an emission spectrum of the light released from 
the phosphor contained In the fluorescent layer at 70% or more, 

(58) The device of (49) above, in which each of the fluorescent layer and the radiation image storage layer com- 
prises phosphor particles and a binder, provided that each of a ratio of the binder to the phosphor In the fluorescent 
layer and a ratio of the binder to the phosphor in the storage layer is 1 or more, and the former ratio Is equal to or 

20 larger than the latter ratio. 

(59) The device of (49) above, which has a light-reflecting support or a composite of a support and a dirfuse- 
ref lectlng layer. 

(60) The method (IV), in which the fluorescent sheet or the cassette is equipped with means containing Information 
on the sheet or the cassette, respectively, and radiation Image storage panel is equipped with means containing 
information on the panel, and the Information Is read out after the latent Image Is stored In the storage panel. 

(61 ) A cassette comprising a casing and a cover plate and having therein a fluorescent sheet fixed on one side 
thereof for encasing therein a radiation image storage panel in which the Image storage panel Is kept in contact 
with the fiuoreacent sheet in the cassette when it is closed, and the image storage panel only is taken out of the 
cassette when the cassette Is open, the fluorescent sheet containing a phosphor which absorbs a radiation energy 
and emits a light of ultraviolet or visible region, and the radiation Image storage panel containing a phosphor which 
absorbs the light emitted by the phosphor of the fluorescent layer to store therein energy of the absorbed light and 
releases the stored energy In the form of a light upon Irradiation with a light of visible or infrared region. 

(62) A cassette comprising acaslng and an elastically bendabJe cover plate and having therein a fluorescent sheet 
fixed on the casing for encasing therein a radiation Image storage panel, in wnich the image storage panel is kept 
in contact with the fluorescent sheet In the cassette when it Is closed, and the Image storage panel only Is taken 
out of the cassette by bending the cover plate, the fluorescent sheet containing a phosphor which absorbs a 
radiation energy and emits a light of ultraviolet or visible region, and the radiation Image storage panel containing 
a phosphor which absorbs the light emitted by the phosphor of the fluorescent layer to store therein energy of the 
absorbed light and releases the stored energy In the form of a tight upon irradiation with a light of visible or Infrared 
region. 

(63) The apparatus of the invention, In which a llght-emlttlng means for Irradiating the radiation Image storage 
panel with a light for removing a radiation energy remaining in the Image storage panel Is provided in the vicinity 
of an end of the image storage panel In such manner that the light-emitting means emits a light toward a space 
formed when the fluorescent sheet moves backward. 

(64) A process for producing a radiation Image storage device comprising a radiation Image storage layer and a 
fluorescent layer overlaid on the storage layer, the fluorescent [ayer containing a phosphor which absorbs a radi- 
ation energy and emits a light of ultraviolet or visible region, and a radiation Image storage layer containing a 
phosphor which absorbs the light emitted by the phosphors of the fluorescent layer to store therein energy of the 
absorbed light and releases the stored energy In the form of a light upon Irradiation with a ilghl of visible or Infrared 
region, which comprises simultaneously casting a solution containing the phosphor of the fluorescent layer and a 
solution containing the phosphor of the Image storage layer so as to prepare a pair of solution layers placed one 
on another, and drying the solution layers simultaneously. 
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[Structure of radiation Image storage panel] 



[0044] In the Invention, a fluorescent layer containing a phosphor which absorbs a radiation energy and emits a light 
of ultraviolet or visible region and a radiation Image storage layer containing a phosphor which absorbs the light emitted 
by tho phosphors of the fluorescent layer to store therein energy of the absorbed light and releases the etored energy 
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In the form of a light upon irradiation with a light of visible or Infrared region Is employed In combination. The fluorescent 
layer can be employed in the form of an Independent sheet (which may be named a fluorescent screen). The radiation 
Image storage layer can be employed independently or in combination with the fluorescent layer in combination to give 
a radiation image storage panel or device. 
* [0045] The radiation image 6torage layer may Itself absorb the radiation energy applied to the storage layer, In addition 
to the absorption of the light emitted by the fluorescent layer or sheet. 

[0046) The representative combinations of the radiation image storage layer or panel (or device) and the fluorescent 
layer or sheet are described by referring to the attached drawings. 

[0047] Fig. 1 Illustrates a structure of a radiation Image storage device favorably employed for the method (I) ac- 
10 cording to the invention. 

[0O48] The radiation image storage device 1 0 Is composed of a radiation Image storage panel 1 Oa on the front side 
(to be Irradiated with radiation) and a fluorescent sheet 1 0b on the back side. The Image storage panel 1 0a is composed 
of a support na, a fluorescent layer 1 2a, a radiation image storage layer 1 3, and a protective layer 1 4a. The fluorescent 
sheet 10b Is composed of a support 11b, a fluorescent layer 12b, and a protective layer 14b. The fluorescent sheet 
f 5 1 0b may be placed on the front side. 

[0049] The fluorescent layer 12a has a thickness, generally, of 50 to 200 nm, preferably of 100 to 150 |i m. The 
fluorescent layer 12b has a thickness equal to or larger than the thickness of the fluorescent layer 12a, and has a 
thickness, generally of 50 to 300 jim, preferably of 1 00 to 250 urn. If the fluorescent layer has a divided area as described 
hereinafter, Its thickness can be up to about 600 jim (preferably less than 500 urn). 

[0050] The radiation Image storage layer 1 3 comprises a stlmulable phosphor which can store the radiation energy 
by absorbing a light of ultraviolet or visible region. Therefore, the image storage layer can be made thin to reach 
generally the range of 1 to 50 \ur\, preferably 5 to 20 urn. It is preferred that the image storage layer 13 is thinner than 
the fluorescent layer 1 2a. Preferably, the Image storage layer 1 3 has a thickness of 0.2 to 20%, based on the thickness 
of the total thickness of the fluorescent layer 1 2a and fluorescent layer 1 2b. 

[0051] The support 11a, 11b has a thickness generally of 50 to 1,000 um, preferably 120 to 350 \um. The support 
can be placed on a substrate such as a carbon fiber sheet or an aluminum sheet. 

[0052] The protective layer 14a. 14b has a thickness generally of approx. 1 \um to 20 urn, preferably of 3 to 15 jim. 
[0053] Fig. 2 Illustrates a structure of a radiation Image storage device favorably employed for the method (II) ac- 
cording to the Invention. 

so [0054] The radiation image storage device 20 is composed of a radiation Image storage panel 20a which Is placed 
between two fluorescenl sheets 20b, 20c. The Image storage panel 20a Is composed of a protective layer 24a, an 
image storage layer 23, and a protective layer 24aV The fluorescent sheet 20b is composed of a support 21b, a fluo- 
rescent layer 22b, and a protective layer 24b. The fluorescent sheet 20c Is composed of a support 21c, a fluorescent 
layer 22c, and a protective layer 24c. 

35 [0055] Fig. 3 Illustrates a structure of a radiation image storage device favorably employed also for the method (II) 
according to the Invention. 

[0056] The radiation Image storage device 30 Is composed of a radiation image storage panel 30a which is placed 
between two fluorescent sheets 30b, 30c. The Image storage panel 20a Is composed of a protective layer 34a, an 
Image storage fayer 33, a support 31 a, an Image storage layer 33\ and a protective layer 34a'. The fluorescent sheet 
40 30b is composed of a support 31b, a fluorescent layer 32b, and a protective layer 34b. The fluorescent sheet 30c Is 
composed of a support 31c, a fluorescent layer 32c, and a protective layer 34c. 

[0057] Fig. 4 Illustrates a structure of a radiation Image storage device favorably employed for the method (III) ac- 
cording to the Invention. 

[0O5B] The radiation Image storage device 40 Is composed of a radiation Image storage panel 40a on the front side 
(to be Irradiated with radiation) and a fluorescent sheet 40b on the back side. The Image storage panel 40a Is composed 
of a support 41 a. a radiation Image storage layer 43. and a protective layer 44a. The fluorescent sheet 40b Is composed 
of a support 41 b, a fluorescent layer 42b, and a protective layer 44b, The fluorescent sheet 40b may be placed on the 
front side. 

[0059] Fig. 5 Illustrates a structure of a radiation Image storage device favorably employed for the method (IV) ac- 
so cording to the Invention. 

[0060] The radiation Image storage device 50 le composed of a radiation image storage panel. The image storage 
panel is composed of a support 51 , a fluorescent layer 62, a radiation Image storage layer 53, and a protective layer 54. 
[0061] The thickness values described for the radiation (mage storage device of Fig. 1 arc aleo appropriate for the 
radiation Image storage devices of Fig. 2 to Fig. 5. 
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[Stlmulable phosphor] 

[0062] A representative phosphor to be incorporated Into the radiation Image storage layer Is a atknulable phosphor 
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which absorbs a light of the ultraviolet to visible region to store the energy or the absorbed light and, when It Is stimulated 
with a stimulating light of a visible to Infrared region, it releases the stored energy In the form of a stimulated emission. 
[0063] The stimulabie phosphor preferably employable in the radiation Image storing and reproducing system of the 
Invention absorbs a light of a violet to blue region. Examples of The preferred stimulabie phosphors Include CaS:Eu, 
Sm, Cas.Ce.Sm, Cas: Ce.BI, SrSrEu.Sm. SrSrCe.Sm, 5rS:Ce,BI. (Cao^Sr^&BI.Cu, (Ca ( Sr)S:Co,Bi, and ZnS.Cu, 
Pb. Also employable is GdOCl:Ce described in Japanese Patent Publication No. 6-31 904 which absorbs a light in the 
wavelength range or 250 to 400 nm in addition to a radiation of a wavelength of shorter than 250 nm can be employed. 
[0064] For some of the above-described stimulabie phosphors, the peak wavelength of stimulating spectrum and 
the peak wavelength of an emission spectrum Is set forth In Table 1. In Table 1, "Primary stimulating wavelength" 
essentially corresponds to an absorption wavelength of the stimulabie phosphor to store the energy of light omitted by 
the radiation absorbing phosphor of the fluorescent layer of sheet, end "Secondary stimulating wavelength* means a 
wavelength of light for stimulating the energy stored-stlmu table phosphor to release the energy In the form of a stim- 
ulated emission for reproducing the radiation image. 
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Table 1 



No. 


Stimulabie Phosphor 


Stimulating spectrum (Peak wavelength: nm) 


Emission spectrum (Peak 
wavelength) 


Primary 


Secondary 


(nm) 


1 


CaS:Eu,Sm 


290, 540 


1150 


640 


2 


SrS:Eu.Sm 


290, 470 


1090 


590 


3 


SrS:Ce,Sm 


280, 440 


1040 


490. 530 


4 


ZnS:Cu.Pb 


370 


750. 1320 


490 



[0065] Preferred phosphors from the viewpoint of response quickness are the above-described CaS:Eu,Sm, Ca6: 
Ce.Sm, Cas! Ce.BI, SrS:Eu,Sm, SrS:C« ( Sm, SrS:Ce,Bi ( (Cao ^S^SiBI.Cu, (Ca,Sr)S:Ce ( Bi, and 2nS;Cu,Pb. How- 
ever, the stimulabie phosphors employable In the Invention are not limited to these phosphors. For Instence, a phosphor 
In which an emission center Is produced can be employed. 

[0096] The stimulabie phosphor (6 generally employed In the form of fine particles, preferably having a mean panicle 
size of appro*. 5 jim or less, more preferably Z \xm or less. 



[Radiation-absorbing phosphor] 
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[0067] The fluorescent layer or the fluorescent sheet comprises a radiation -absorbing phosphor, which absorbs ra- 
diations such as X-rays, ot-rays, P-rays, r-rays, ultraviolet rays, neutron-rays, and their analogue rays and releases, 
generally, a spontaneous emission of a ultraviolet to visible region. The radiation-absorbing phosphor preferably con- 
tains an atomic element corresponding to an atomic number 37 or more, preferably an atomic number of 55 to 63, as 
a mother component. 

[0068] Examples or the preferred radiation-absorbing phosphors Include LnTa0 4 , (Nb.Gd) type, Ln2SIO s :Ce type, 
LnOX:Tm type (Ln Is a rare earth element). CsX type (X Is halogen), Gd 2 0 2 S:Tb, GdaO^SrPr.Ce, ZnW0 4 . LuAI0 3 ;Ce, 
GdsGasO^Cr. Ce, and HfO a . 

[0069] Density, emission wavelength, and a stimulabie phosphor preferably employed in combination are set forth 
in Table 2 for some of the above-described phosphors. 

Table 2 



Radiation-absorbing phosphor 


Density 


Emission wavelength 


Stimulabie phosphor 


(g/cm3) 


(nm) 


(No. of Table 1) 


(Y,Sr)Ta0 4 


7.46 


325 


Nos. 1 , 2, 3 


(Y,Sr)Ta0 4 :Nb 


7.46 


395 


No, 4 


(Y,Sr)Ta0 4 :Gd 


7.46 


315 


Nos. 1,2,3 


Gd 2 0 2 S:Tb 


7.34 


646 


No, 1 


Lu2Sr0 5 :Ce 


7.40 


420 


Nos. 3, 4 


Gd20 2 S:Pr,Ce 


7.34 


510 


No. 1 


ZnW0 4 


7.87 


476 


Nos. 1.2,3 
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[0070] The radiation-absorbing phosphor is generally employed In The form or particles, whose mean particle size 
preferably Is In the range of approx. 1 to 20 p.m. 

[0071 J From the viewpoint of matching, the emission spectrum of the radiation-absorbing phosphor preferably over- 
laps with the primary stimulating range of the stlmulable phosphor at 70% or more. The range of spectrum is calculated 

5 from the range between a wavelength In a shorter portion at which the spectrum gives a strength of 1 0% of the peak 
value and a wavelength In a longer portion at which the spectrum gives a strength ot 10% of the peak value. 
[0072] It is preferred that a fluorescent layer or 6heei placed on the front side and a fluorescent layer or sheet on 
the back side contain mother components of heavy atomic elements of atomic number 37 or more which are different 
from each other Particularly, the fluorescent layer of sheet to be placed on the back side contains an atomic element 

to of greater atomic number. 

[Production of radiation image storage device] 

[0073] The phosphor layer can be formed on a support sheet by a known method, 
w [0074] The support film can preferably Is a transparent or light-reflecting plastic material sheet or film. Examples of 
the plastic materials Include polyethylene terephthalate, polyethylene naphthaiate, poiyamide, porylmlde. and aramld 
re6ln. The thickness of the support sheet generally Is in the range of 50 to 1 ,000 urn. 

[0075] The light-reflecting support sheet which reflects a primary and/or secondary stimulating light or a stimulated 
emission may contain a light- reflecting powder such as alumina powder, titanium dioxide powder, or barium sulfate 

*0 powder. The support sheet may contain carbon black. 

[0076] The stlmulable phosphor layer or radiation-absorbing phosphor layer can be formed, for example, in the fol- 
lowing manner which is as such known. First, the phosphor particles and a binder are placed In a solvent, and mixed 
well to prepare a coating liquid in which the phosphor partfefea are uniformly dispersed In a binder solution. As the 
binder, various resin materials are known and optionally usable for the Invention. The ratio between the binder and the 

2s phosphor In the liquid depends on the characteristics of the phosphor and the aimed property of the phosphor layer, 
but generally they are employed at a ratio of 1 :1 to i :ioo (blndenphosphor, by weight). The coating liquid may further 
contain various additives such as a dispersing agent (for promoting dispersing of the phosphor particles), a plasticteer 
(for Improving binding between the phosphor particles and the binder), an anti-yellowlng agent (for inhibiting yellowing 
of the phosphor layer), a hardening agent and a crossllnklng agent. 

so [0077] The coating liquid thus prepared Is evenly coated on a support (e.g., glass plate, metal plate, plastic sheet) 
by known coating means (such as doctor blade, roll coater, and knife coater), and dried to form a phosphor layer. The 
phosphor layer is once formed on a temporary sheet and then transferred onto the genuine support. 
[0078] The phosphor layer can contain acicular phosphor particles which are arranged vertically on the surface of 
the support. For Instance, an acicular phosphor such as Csl:Na, Csl:TI, or CsBnTI can be employed. 

35 [0079] The stlmulable phosphor layer can be a deposited phosphor layer or a sintered phosphor layer. 

[0080] The radiation -absorbing phosphor can be placed within areas enclosed partitions so as to define diffusion of 
a released light within the area. Since the radiation-absorbing phosphor layer Is made relatively thick, the provfslon of 
the partition© Is effective to prevent the released light from diffusing on the plane of the phosphor layer. 
[0081] The phosphor layer having a eel of partitions and divided phosphor areas In which a phosphor is Incorporated 

*o is already known. 

[0082] The radiation-absorbing phosphor layer can be made of a fiber plate and a phosphor layer of acicular phosphor 
crystals, as shown in Fig. 7. 

[0083] In Fig. 7, the radiation-absorbing phoophor layer 12b' Is composed of an acicular phosphor layer 12b n and a 
fiber plate 1 2b 2 placed on the layer 1 2b, . The acicular phosphor layer 1 2b, contains cracks which function as partitions. 

« The fiber plate 12b 2 Is an optical plate In which several millions of optical fibers are combined in the direction of the 
depth of the plate. The light of ultraviolet to visible region emitted by the radiation-absorbing phosphor layer passes 
through the fiber plate I2b 2 to reach the stlmulable phosphor layer 13 almost with no diffusion on the plane direction. 
[0084] The radiation-absorbing phosphor layer having partitions la preferably arranged in a fluorescent layer or sheet 
to be arranged on the back side 90 as to enhance the sharpness of the resulting radiation Image. Moreover, the fiuo- 

$Q rescent sheet or layer arranged on the back side is generally fixed In a cassette and fts transferring is generally required. 
[0085] In the radiation Image storage panel of Fig. 1 , astimulable phosphor layer is placed on the radiation-absorbing 
phosphor layer. The stimufable phosphor layer Is generally made of stlmulable phosphor particles and a binder. A 
stlmulable phosphor layer of deposited phosphor or sintered phosphor is also employable. 

[0086] When each of the radiation-absorbing phosphor layer and a 6tlmulable phosphor layer comprises phosphor 
55 particles and a binder. Each of a weight ratio of the binder to phosphor (binder/phosphor: Bj/P,) In the radiation- 
absorbing phosphor layer and a weight ratio of the binder to phosphor (binder/phosphor B^P£ In the stimulate phos- 
phor layer preferably Is 1 or less. Moreover, the former ratio preferably is less than the latter ratio, that is 1 & BVP-, & 
EVP,. 
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5°«f 71 < I^-? 1 "* 1 ,hS radlfltlon -abBOrt)lna phosphor layer Is preferably In the range of 1/8 to 1/50, more preferably 
1/15 W 1/40. The EVP a in the stlmulable phosphor layer is preferably in the range of 1/1 to 1/40. more preferably 1/2 
to 1/20. * 

[0088] li Is preferred that a mean particle size of the phosphor In the radiation-absorbing phosphor layer is equal to 
or larger than that of the etfcmulable phosphor In the stlmulable phosphor layer. More prof eraby, the mean panicle size 
of the phosphor In the radiation-absorbing phosphor layer Is as much as twice or larger, as compared with that or the 
stimulable phosphor In the stlmulable phosphor layer. 

[0089] The mean panicle size of the phosphor In the radiation-absoiblng phosphor layer generally Is In the range of 
1 to 20 urn. preferably 2 to 1 0 nm. The mean particle size of the stimulable phosphor in the stlmulable phosphor layer 
generally is In the range of 0.2 to 20 urn, preferably 0.5 to 5 urn. The stimulable phosphor may has a more smaller 
moan particle size. 
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[0090] Both phosphors can have a particle size dlsiributions such as those described In Japanese Patent Provisional 
Publication* No. 2000-284097, No. 2000-192030, and No. 58-162600. 
[0091] From the viewpoint of Improvement of radiation Image quality, the radiation absorption coefficient of the ra- 
drabon-abeorblng layer and the absorption coefficient of absorbing a light (i.o., a primary stimulating light) emitted by 
the radiation-absorbing layer are preferably according to the following relationship: 

[0092] Absorption coefficient ol absorbing primary stimulating light > Radiation absorption coefficient of the radiation- 
absorbing layer x 2 

[0093] More preferably Is as follows: 

Absorption coefficient of aboorblng primary stimulating light > Radiation absorption coefficient of the 

radiation-absorbing layer x 5 

[0094] The absorption coefficient of absorbing primary stimulating light Is a virtual coefficient (or apparent coefficient) 
defined as follows. r w 

[0095J It Is assumed that the phosphor layer has a uniform thickness (d), a light reflectivity of the phosphor layer 
when the phosphor layer Is placed independently In a space is (r), and a light transmfttance Is (t). The light reflectivity 
r) m determined using a standard white board. A light reflectivities (R w and R^) of a system surrounding the phosphor 
ayer which is placed adjacent to the white board (light reflectivity rj and to the black board (light reflectivity r b ) under 
the condition that the white or black board Is placed on the side of the back surface of the phosphor layer are calculated 
by the following equations: 

R^r+^xt 2 R b = r + r b xt 2 

[0096] Tho virtual light absorption coefficient K of the phosphor layorcan be calculated, assuming that the coefficient 
K decreases loga nth m leal ly along the thickness (d) of the phosphor leyer. 

K - - (1/d) x Lnft/d-r) 

= -(l/d) x l»l{(R.-^)/<xw-r^ 

[0097] The radiation absorption coefficient can be calculated by multiplying a mass energy absorption coefficient 
iWp by a density p of the phosphor layer. Each of Fig. 8 and Fig. 9 graphically Indicates a relationship between a 
photon mass decrease coefficient u/p and a mass energy absorption coefficient u. er /p foreach of the phosphore Gd 2 0*S 
and Csl. The Information Is available at http:// physics, nlst. gov/Phys Ref daia/Xray Mass Coef/cover. html The densltyp 

Ph ° r ,8yer ' e determinGd by m «Wp>ylno * ^nslty of the phosphor perse by a ratio of phosphor In the layer 
J? 1 ^ , ? comb,nat ' ons of The radiation-absorbing phosphor layer and the stlmulable phosphor sheet satisfying 
the condition defined In the Invention are set forth below. 

1) Radiation-absorbing phosphor layer 

Qd 2 0 2 S:Tb) phosphor (mean diameter: 5 p. m) 
density: 5 g/cm 3 

X ray-absorbing coefficient (at 40 KaV) 
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= 25 cm- 1 
Stlmulabla phosphor layer 



TO 
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CaS:Eu.Sm phosphor (mean diameter. 2 urn) 
Bg/Pg - 1/6 

light reflection (at 545 nm) = 360 cnr 1 

2) Radiation-absorbing phosphor layer 

Csl:T1 deposited aclcular phosphor layer (mean diameter of aclcular phosphor; 5 um) 
density: 4.5 g/cm 3 

X ray-absorbing coefficient (at 40 KeV) 

= 42 cm 1 
SUmulable phosphor layer 

CaS:Ce,Sm phosphor (mean diameter: 2 urn) 
3^2 = 1/5 

light reflection (at 460 nm) = 580 cnr 1 

[0099) In order to reproduce a radiation Image of high quality, the radiation-absorbing phosphor layer preferably has 
a mean density of 4.0 g/cm 3 or higher, or the radiation-absorbing phosphor perse has a density of e.o g/cm 3 or higher. 
[0100] If the mean particle diameter of the stlmulable phosphor Is not sufficiently small, as compared with the thick- 
ness of the etlmulable phosphor layer, for Instance, under a condition of d/10<a<d [d = thickness of phosphor layer 
(urn), a = mean particle diameter of phosphor particles (urn)], a thin stlmulable phosphor layer and a thick radiation- 
absorbing phosphor layer can be preferably produced at the same time utilizing simultaneous double casting or coating 
method. By the simultaneous double casting, a thin stlmulable phosphor layer such as of a thickness of 5 to 20 urn 
can be produced. 

[0101] The simultaneous double casting <or coating) la well known particularly In the preparation of a silver hailde 
photographic material. 

[01 02] On the fluorescent layer (I.e., radiation-absorbing phosphor layer) or the stlmulable phosphor layer, a protec- 
tive layer Is preferably provided. The material and dimensional conditions for protective layers of a fluorescent screen 
and a radiation image storage panel are well known. The protective layer preferably shows a light-scattering length (at 
a main emission wavelength of the stlmulable phosphor) In the range of 5 to 80 nm, more preferably 10 to 70 u.m. Such 
preferred light-scattering length can be given by Incorporating light-scattering particles into the protective layer. 
[01 03] On the protective layer, a f luoro-resln layer can be formed. 

[0104] As Illustrated In Fig. 10, a selective reflecting layer can be placed between the fluorescent layer and the 
stimulate phosphor layer. The provision of the selective reflecting layer allows passage of light emitted by the fluo- 
rescent layer and reflects the Irradiating light for the reproduction of the radiation image and the stimulated light emitted 
by the stimulate phosphor, so that the efficiency of collection of the light emitted by the stlmulable phosphor layer can 
be increased and the thickness of the stlmulable phosphor layer can be made smaller. Therefore, a radiation image 
having an Improved sharpness can be reproduced. 

[0105] In Rg. 10, a radiation Image storage panel 10a' Is composed of a support 11a, a fluorescent layer 12a. a 
selective reflecting layer 15, a stlmulable phosphor layer 13, and a protective layer 14a, 

[0108] The selective reflecting layer can be produced by forming a film of plural layers on a thin film. The film of plural 
layers (such as a Interfering multi-layered film) can be produced by placing two materleJ layers having different refractive 
indexes alternately, and per se Is well known. 

[0107] Fig. 11 indicates atypical multi-layered film composed of Si0 2 layers (low refractive Index layer 15b) andT|0 2 
layers (high refractive Index layer 16a) placed alternatively. The film Is composed of 17 layers (total). Details of the 
layer structure are set forth In Table 3. 

Table 3 



No. of Layer 


Refractive Index 


Thickness (nm) 


1 


1.45 


80 


2 


2.35 


101 


3 


1.45 


147 


4 


2.35 


60 



14 
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30 



33 



40 



45 



30 



55 



Table 3 (continued) 





nt;i rucii ve index 


TnlcKness (nm) 


O 


i .45 


133 


O 


2.35 


80 


f 


1 .45 


133 


Si 
a 


2.35 


80 


9 


1.45 


133 


10 


2.35 


80 


11 


1.45 


133 


12 


2.35 


80 


13 


1.45 


133 


14 


2.35 


80 


15 


1.45 


133 


16 


2.35 


60 


17 


1.45 


65 



[0108] Fig. 12 Is a graph Indicating light transmission characteristics of the multi-layered film having the constitution 
of Table 3. The transmlttance (at a light Incident angle of 0*) Is approximately 97% at a wavelength of 633 nm. 
[0109J The above-mentioned multi-layered film shows a selectivity aa to the light incident angle Pig 13 is a graph 
Indicating light transmission characteristics of the multl-fayered film having the constitution at 400 nm and 633 nm For 
a light of 633 nm having an Incident angle of 0* to 2°, the transmlttance Is more than 50%. but when the Incident angle 
Is larger than 25*. the transmlttance lowers to approx. 5%, For a light of 400 nm. the transmlttance is more than 90% 
In any Incident angle within 0* to approx. 70°. 

[0110J The selective reflecting layer can be formed on a thin polymer Him (thickness: 4 1o 20 urn) by sputtering 
depositing or lon-platlng the materials of the multi-layered film one on another. 

[0111] If the radiation Image storage panel is to be placed on the front side, a diffuse-reflecting layer Is provided 
Fig. 1 4 indicated a representative structure of such radiation Image storage panel 1 0a» which is composed of a support 
1 la, a diffuse-reflecting layeris, a fluorescent layer 12a, a stlmulable phosphor layer 13, and a protective layer 14a. 
[0112] The diffuse-reflecting layer contains a light-scattering material such as titanium dioxide, yttrium oxide zirco- 
nium oxide, or aluminum oxide (alumina) and reflects a light emitted by the fluorescent layer so that an amount of the 
light (i.e., first stimulating light) to be supplied Into the stlmulable phosphor layer is increased. 

TH ! dtffuee - ref,ectlfl 9 'ever containing titanium oxide Is preferably employed In combination of a radiation- 
absorbing phosphor Gd^STb. If the radiation -absorbing phosphoremlts a light of shorter wavelength such as approx 
430 nm orshorter, alumina, yttrium oxide or zirconium oxide showing no absorption In that area Is preferably employed 
[0114] The diffuse-reflecting layer when It Is Independently present preferably shows a relationship between the 
thicicness and the diffuse reflectivity corresponding to the shadow area Illustrated In Fig. 15. 

[0115] In place of providing the diffuse-reflecting layer, the support can contain the light-reflecting materia so as to 
serve as the diffuse-reflecting layer. 

[01 16J If desired, an auxiliary layer such as a light-absorbing layer, an adhesive layer, or an electroconductlve layer 
can be provided to the radiation image storage panel. 

[01 17] The radiation Image storage panel can be colored by with a dye which absorbs at least one of the stimulating 
rays, a l.ght released from the radiation Image storage layer, a light released from the fluorescent layer, and a light 
released from the fluorescent sheet. The light released from the radiation image storage layer Is preferably absorbed 
in portion when the light is detected not at a point but a line using a line sensor or the like 
[01 18] Various dyes which absorb lights of different wavelength are well known. 

[Fluorescent sheet] 

[01 1 9] The fluorescent sheet (fluorescent screen or radiation-absorbing phosphor layer) can be manufactured almost 
n the same manner as In the manufacture of radiation Image storage panel. Also, known processes for manufacturing 
fluorescent sheets such as radiographic intensifying screens can be utilized. 

[Radiation Image storing and reproducing procedure) 

[01 20] Fig. 6 schematically illustrates a procedure for reading (or reproducing) a radiation Image stored In a radiation 
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SiTfI?; lh0t " ,UStrated ln R9 ' 1 * ™ e Pr ° cedure 0f F, 9- 6 uti,,2CS a P° lnt readl "9 system. 

SJers 61 o h T TIT St ° rB9e ^ 60 iS tran9fe " ed in of arrow, by means of a pair of 

In* ^L?„n m P T!' 60 * QPPMed 3 stlmuJal,n 9 l! 9 ht ^- A emulated emission 64 Is directly detected by a 

W he SSir^i . ° r ^ d ! reCtly det6Cted aftef rct,ection on a m( ™**. the photoelectric conversion mean, 

' 1 U ™ 1°" 64 16 ^ lnT0 a e0rtee of electrSc e| 9 na,9 > " hich are then transmitted to a multiplier 

67 and further processed In a processor 68. multiplier 

(Use of plural fluorescent sheets] 

SH2 .7*° r ^ ,atl ? Im f 96 6t0rfl9 ° Panel ° f lhe ,nvent,on Cfln be utl,iZ9C ' ln <»mWnatron with different fluorescent 
tloned consideration of the object of radiography ro be desired. For Instance, the following combinations are men- 
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Thickness of fluorescent layer 


Object 


Conditions of Radiography 


0 u.m (none) 
60 jim 
120 u,m 
200 |im 


Mammography 
Limb bones 
Breast 

Industrial Product (e.g., plpe6) 


Mo tube, 30 - 40 kV 
W tube, 40 - 80 kV 
Wtube, 80 * 140 kV 
Wtube, 80- 140 kV 



[0123] 
[0124] 



Accordingly a plurality of fluorescent shoots can be set In a radiation Image storing and reproducing apparatus 
device tJ™!S1 I" 396 el0 > f ! 98 !f V ' Ce °' th8 inVSntl0n 19 9Bnara,ly em P'°y 8d ^ing a cassette for encasing the 
th« th'JlH^!? T 9 thS radlBh ° n im89e 6,0ra9e devlce 0,the inventten M 8Uch * °*P°sed to radiation and 
storage pane? * ^ ' B 0Ut ° f CaSS8tt ° f ° r reproduc|n 9 8 radlaUon '"»□• stored in the 

EH?L A ™ pre8en " t,ve 61 mcture <* the Illustrated In Fig. i e. The cassette 71 le composed malny of a 

^Ir l l u? Plate ?1b WhlCh 18 C ° nn6Cted ,0 the 0886 71a " ,or ,n6tance - b V a hi "8« ™ On each of the 

SZXl^^T h H and - C ° Verin9 P ' ate 71b ' *" CUSh '° n e,ement 71 0 made ot e,astte matertal « fi ~ d - «o as 
to tightly combine a radiation Image storage panel 10a and a fluorescent sheet 10b when the cassette 71 Is closed 

The fluorescent sheet lob Is fixed on the cushion e.ement 71.. After the cassette 71 Is exposed to radiation the 

?™« 6 L S , ° Pened " y dlsen S a 3lng a lock 71d end the Image storage panel 10 Is taken out. 

m,^i 1 7 l,lustrates a ™d\a\on 'm«ge reproducing apparatus In which the cassette of Rg. 1 6 Is employed 

[0127] The apparatus has a radiation Image storage panel reading site, a transfer system 82 and an erasure system 

the L C a ? d 3 S e | B 5 n P i' ly H 0ard H 8 ^ an<, 8 rfld ' ati0n imS0e fit0rage Panel-releaslngspace «S. The cassette transferred on 
bJ iSSSh^J P UT ? 03869,19 SUPP " ad W lh ° Btora " Pa"«'-^lo"ln9 *P*ce 85 Is then opened 

by lifting the case 71a and the covering p.ate 71b Is kept on the board 84. A panel picker having on Its top a roller Is 

panel 10 la then placed on the transfer system. 1,198 

i ( > ll,UB *« b *»*« cassette 72 closed for keeping the radiation Image storage device, while Fig. ib-(2} 

SZZTJZST* TSU" l8klnB 3 radlatl ° n " na9e 6torage pane ' 10a ' ™* » h M a case tS 

having a eide covering member 72b. and a covering plate 7* . Onto the Inner surface of the case 72a fixed Is a cushion 

Wh!en 'ithp^ and a fluorescent sheet 1 0b. The covering sheet 72f Is made of elastic material so that It is freely ^eridabuT 

oTnaMo* lT a9 K fL mfle Pan . e 'J 0a ,S M bB taten OUI - tHe C0Verin9 plate 10a 16 ber " •« «h« L storage 

panel 1 0a can be taken out of the cassette without receiving any deforming force 

■nfl'iL A T """I ° r m ° re 0f the rad ' atlon lma9e stora9e panel - tne ""orescent sheet, and the cassette can have an 
SSSS"?^! ^7 °" WhlCh e " l-,n lnfo,n ' alion relatlve » panel, sheet or cassette Is recorded -Se Tn" 

^ « M "'««1 10 th. panel, sheet or cassette. The InformatJon-keeplng means can be In the form 
of a bar code label or a magnetic recording chip and Is placed In any position of the panel, sheet and cassette 

[Radiation Image storing and reproducing apparatus] 

H InviStion 9ChematiCally * ^ reproduc, "9 a PP a ' a ^ favorably employs*. 

l ^lK^n W?*™ has a houslr, 9 hav,n 8 ite a plate 121 with which an object such as a patient 

123 le kept In contact. To the inner wall of the housing, a radiation Image storage panel 1 0a Is fixed In a position facing 
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the plate. 

[01 32J A fluorescent sheet 1 0b is provided In the housing In a position facing the fixed image storage panel 1 0a. The 
fluorescent sheet 10b Is able to move forward and backward In relation to the fixed image storage sheet 10a. The 
movement Is made by a fluorescent sheet-moving system 160. The system 160 Is composed of a support plate 161 
having on Its surface a cushion member 163, a pair of extendable/shrinkflble arms 162. 

[0133] Outside of the housing, a radlailon applying means 120 composed of a radiation source 122 (e.g., X-ray tube) 
and the plate 21 for the patient Is arranged. 

[0134J In the housing, a llght-detectlng means (I.e., Image-reproducing means) composed of a light source element 
131 (e.g., a linear light source) and a photoelectric detection means 134 (e.g., tine sensor) forms a united structure 
and moves simultaneously. The light- detecting means Is connected to a light-deieeilon control means 1 39 ( which gives 
Instructions to the combination of a light source element 131 and a photoelectric detection means 1 34 on the detection 
procedures and receives a series of electric signals detected by the light-detecting means 134. 
[0195] Within the housing, an erasing means 140 such as a fluorescent lamp which removes a radiation energy 
remaining on the radiation Image storage panel 10a. 

[0136] In the apparatus of Rg. 19 (1), after the patient 123 is exposed to X^ays, a pair of arms 162 are shrunken, 

and hence the support plate 1 61 Is retracted. Simultaneously, the fluorescent sheet 10b Is also retracted to produce a 

space between the fixed image storage panel 10a and the retracted fluorescent sheet 10b. Into thus produce space, 

a combination of a light source element 131 and a photoelectric detection means 134 enters to sequentially read the 

radiation Image out of the Image storage panel 1 0a. The detected electric signals are transmitted to the control means 
20 139. 

[0137J Whenthe radiation Image-reading procedure Is complete, a pair of fluorescent lamps 140 are put on to remove 
(or erase) the radiation energy remaining on the (mage storage panel 10a. When the erasing procedure is complete, 
a pair of arms 1 62 are extended to push the fluorescent sheet 1 0b onto the radiation image storage panel 1 0a. 
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Claims 



1. A method for storing and reproducing a radiation Image which comprises the steps of: 

placing a fluorescent sheet on a radiation image storage panel comprising a fluorescent layer and a radiation 
Image storage layer in such manner that the fluorescent sheet Is arranged adjacent to the Image storage layer 
of the storage panel, 60 as to give a composite structure, the fluorescent sheet containing a phosphor which 
absorbs a radiation energy and emits a light of ultraviolet or visible region, the f luoreeeent layer of the storage 
panel containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible region, 
and the radiation Image storage layer of the storage panel containing a phosphor which absorbs the light 
emitted by the phosphors of the fluorescent layer and die fluorescent sheet to store Lherein energy of the 
absorbed light and releases the stored energy In the form of a light upon irradiation with a light of visible or 
infrared region; 

applying onto the composite structure on the side of the fluorescent sheet or the radiation Image storage panel 
a radiation having penetrated through an object, a radiation having been emitted by an object, or a radiation 
having been scattered or diffracted by an object, so as to store energy of the applied radiation In the form of 
a latent Image on the Image storage layer of the storage panel; 
separating the radiation Image storage panel from the fluorescent sheet; 

irradiating the Image storage panel on the side of Image storage layer with stimulating light in a visible or 

Infrared region to excite the phosphor In the storage layer so that the energy stored In the storage layer In the 

form of a latent Image Is released In the form of a light; 

collecting the light released from the storage layer by light-collecting means; 

converting the collected light Into a series of electric signals; and 

producing an image corresponding to the latent Image from the electric signals. 

2. The method of claim 1 , In which each of the fluorescent sheet and the radiation Image storage panel Is equipped 
with means containing Information on the sheet or the storage panel, and the information Is read out after the latent 
Image Is stored In the storage layer of the storage panel. 

3. A radiation Image storage device comprising a fluorescent sheet which contains a phosphor which absorbs a 
radiation energy and emits a light of ultraviolet or vlstole region, and a radiation Image storage panel comprising 
a fluorescent layer and a radiation image storage layer, the fluorescent layer of the storage panel containing a 
phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible region, and the radiation Image 
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storage layer of the storage panel containing a phosphor which absorbs the light emitted by the phosphors of the 
fluorescent layer and the fluorescent sheet to store therein energy of the absorbed light and releases the stored 
energy In the form of a light upon irradiation wtth a light of visible or Infrared region. 

s 4. The device of claim 3 r In which the radiation Image storage layer of the radiation image storage panel has a 
thickness less than that of the fluorescent layer. 

5. The device of claim 3, in which the radiation Image storage layer of the radiation image storage panel has a 
thickness In the range of 0.2% to 20%, based on the total thickness of the fluorescent sheet and the fluorescent 

'6 layer of the storage panel. 

6. The device of claim 3, in which at least one layer of the radiation image storage panel is colored with a dye which 
absorbs at least one of the stimulating rays, a light released from the radiation Image 6torage layer, a light released 
from the fluorescent layer, and a light released from the fluorescent sheet. 



is 



23 



45 



SO 



7. The device of claim 3, In which the fluorescent sheet has on a surface thereof a protective layer and the radiation 
Image storage panel has on a surface thereof a protective layer, the former protective layer showing a row of 
electrification corresponding to that of the latter protective layer. 



20 a. 



The device of claim 3, In which a selective reflecting layer allowing passage of the light released by the phosphor 
In the fluorescent layer, while reflecting the stimulating light and the light released by the Image storage layer Is 
provided In the radiation Image storage panel between the fluorescent layer and the radiation image storage layer. 



9. The device of claim 3, in which the phosphors in the fluorescent sheet and the radiation Image storage layer and 
fluorescent layer of the radiation Image storage panel are all In the form of particles, the phosphor In the storage 
layer having a mean diameter equal ro or less than that of at least one ol the phosphor In the fluorescent sheet 
and the fluorescent layer. 

10. The device of claim 3, In which the radiation Image storage layer shows an absorption coefficient for the light 
SO released from the phosphors In the fluorescent layer and the fluorescent sheet as much as twice or more those of 

the fluorescent layer and fluorescent sheet for the irradiated radiation. 

11. The device of claim 3, in which at least one of the fluorescent sheet and the fluorescent layer comprises aclcular 
phosphor particles arranged vertically or comprises partitions defining the layer on a plane thereof and phosphor- 
us containing areas enclosed wfth the partitions. 

12. The device of claim 3, In which each of the fluorescent sheet and the radiation Image storage panel Is equipped 
with means containing information on the sheet or the storage panel. 

40 13. The device of claim 3, in which at least one of the phosphors contained In the fluorescent sheet and fluorescent 
layer has a density of 6.0 g/cm 3 or more, or at least one of the fluorescent sheet and fluorescent layer has a density 
of 4.0 g/cm 3 or more. 



1 4. The device of claim 3, In which the light released from the phosphor contained In the radiation image storage layer 
6hows a secondary stimulating spectrum overlapping with an emission spectrum of at least one of the light released 
from the phosphors contained In the fluorescent sheet and fluorescent layer at 70% or more. 

15. The device of claim 3, In which each of the phosphor In the fluorescent sheet and the phosphor In the fluorescent 
layer has an atomic element of the atomic number 37 or larger, provided that the atomic element contained In the 
phosphor of the fluorescent sheet differs from that contained In the phosphor of the fluorescent layer. 



16. The device of claim 3. In which each of at least one of the fluorescent sheet and the fluorescent layer, and the 
radiation Image storage layer comprises phosphor particles and a binder, provided that each of a ratio of the binder 
to the phosphor In the fluorescent 6heet or the fluorescent layer and a ratio of the binder to the phosphor in the 

« storage layer Is 1 or more, and the former ratio Is equal to or larger than the latter ratio. 

17. The device of claim 3, In which the radiation Image storage panel or the fluorescent sheet has a light-reflecting 
support or a composite of a support and a diffuse-reflecting layer. 
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18. A radiation Image storage device comprising a fluorescent sheet which contains a phosphor which absorbs a 
radiation energy and emits a light of ultraviolet or visible region placed on a radiation Image storage panel com- 
prising a fluorescent layer and a radiation Image storage layer in such manner that the fluorescent layer Is arranged 
adjacent to the fluorescent layer, the fluorescent layer of the storage panel containing a phosphor which absorbs 
a radiation energy and emits a light of ultraviolet or visible region, and the radiation image storage layer of the 
storage panel containing a phosphor which absorbs the light emitted by the phosphors of the fluorescent layer and 
the fluorescent sheet to store therein energy of the absorbed light and releases the stored energy In the form of a 
light upon Irradiation with a light of visible or Infrared region. 
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1ft. A method for storing and reproducing a radiation Image which comprises the steps of: 

placing a radiation Image storage panel between two fluorescent sheets so as to give a composite structure, 
each of the fluorescent sheets containing a phosphor which absorbs a radiation energy and emits a light of 
ultraviolet or visible region, and the radiation Image storage panel containing a phosphor which absorbs the 
light emitted by The phosphors of the fluorescent sheets to store therein energy of the absorbed light and 
releases the stored energy In the form of a light upon Irradiation with a light of visible or Infrared region; 
applying onto the composite structure on one side a radiation having penetrated through an object, a radiation 
having been emitted by an object, or a radiation having been scattered or diffracted by an object, so ae to 
store energy of the applied radiation In the form of a latent Image on the Image storage panel; 
separating the radiation Image storage panel from the fluorescent 6heets; 

Irradiating the Image storage panel with stimulating light In a visible or Infrared region to excite the phosphor 
in the storage panel so that the energy stored In the storage panel in the form of a latent image Is released In 
the form of a light; 

collecting the light released from the storage panel by light-collecting means; 

converting the collected light Into a series of electric signals; and 

producing an Image corresponding to the latent Image from the electric signals. 



20. The method of claim 19, In which each of the fluorescent sheet and radiation image storage panel le equipped 
with means containing Information on the sheet or the storage panel, and the information Is read out after the latent 

so Image Is stored In the storage panel. 

21 . A radiation image storage device comprising a radiation image storage panel and two fluorescent sheets, each of 
the fluorescent sheets containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or 
visible region, and the radiation Image storage panel containing a phosphor which absorbs the light emitted by the 
phosphors of the fluorescent sheets to store therein energy of the absorbed light and releases the stored energy 
In the form of a light upon Irradiation with a light of visible or infrared region. 
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22. The device of claim 21 , In which the radiation image storage panel has a thickness less than that of each of the 
fluorescent sheets. 

23. The device of claim 21 , In which the radiation Image storage panel has a thickness in the range of 0.2% to 20% 
based on the total thickness of both of the fluorescent sheets. 

24. The device of claim 21 , In which at least a portion of the radiation image storage panel Is colored with a dye which 
absorbs at least one of the stimulating rays, a light released from the radiation Image storage layer, and a light 
released from each of the fluorescent sheets. 

26. The device of claim 21 , In which at least one the fluorescent sheet has on a surface thereof a protective layer and 
the radiation image storage panel has on a surface thereof a protective layer, the former protective layer showing 
a row of electrification corresponding to that of the latter protective layer. 

26. The device of claim 21 . In which the phosphors In the fluorescent sheets and the radiation image storage panel 
arc all in the form of particles, the phosphor in the storage panel having a mean diameter equal to or less than 
that of at least one of the phosphors in the fluorescent sheets. 

27. The device of claim 21, In which the radiation Image storage panel shows an absorption coefficient for the light 
released from the phosphors in the fluorescent sheets as much as twice or more those of the fluorescent sheets 
for the Irradiated radiation. 
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28. The device or claim 21 . in whlen at least one of trie fluorescent sheets comprises acicalar phosphor parades 



3 °' JI rf^a* 21 ' 'VT^ al ,eaSt ° ne ° f the P h06 P hore comalned in the fluorescent sheets has a density 
of 6.0 g/cm3 or more, or at least one of the fluorescent sheets has a density of 4.0 p/crr* or more. 

31 * lln^Z!lT m h 1, ' n f C , h ^ " 9ht re,ea5ed fr0rn lhe phosphor conlfl,ned ln the ^tlon Image storage 
, " ec ° ndaf y emulating spectrum overlapping wfch an emission spectrum of at least one of the light 
released from the phosphors contained In th* fin^^^r ^ e " 9ni 
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released from the phosphors contained In the fluorescent sheets at 70% or more. 

Homt^hl ^ V ' WhiCh 0HCh °' th9 P hos P hore ,n the fluorescent sheets has an atomic element of the 

dZri Mm ? h ? f ^ VWOd thBt the at0mlC e,emenl con,alned ,n lhe P no ^hor or one fluorescent sheet 
differs from that contained in the phosphor of another fluorescent sheet. 

34. The device of claim 21 , m which the radiation Image storage panel or one fluorescent sheet has a llght-reflectlng 
support or a composite of a support and a diffuse-reflecting layer. renewing 

3S " moS~n7 S f! Bl ° raSe IT* Comp ^ eln 0 ""° "crescent sheets and a radiation Image storage panel Interven- 
ing T a „ fl ^ ^ of '^"—^enteheets containing a phosphorwhich absorbs a radiation 
energy and emlte a light of ultraviolet orvlelble region, and the radiation image storage panel containing a phosphor 
which absorbs the Ught emitted by the phosphors of the fluorescent sheetsTo storeTherain energy oi me abSed 
light and releases the stored energy In the form of e light upon irradiation with a light of visible or infrared region. 

A method for storing and reproducing a radiation Image which comprises the steps of: 

Placing a radiation Image storage panel on a fluorescent sheet so as to give a composite structure the fluo- 
f In th * £ 9 ? ph06phor wh,ch abBorb5 8 rad 'a«on energy and emits a light of ultraviolet or visible 
oh^hor ff^ « ' ma f * 8t ° rage Pan6 ' ""to'""* * Phosphorwhich absorbs the light emitted by the 

in the form of a light upon irradiation with a tight of visible or infrared region- 

Snl" I^IIThT 08118 S I^l tUre ° n ° ne SWe 8 radiatl0n "^ingP^etrated through an object, a radiation 
having been emitted by an object, or a radiation having been scattered or diffracted by an object so as to 
store energy of the applied radiation In the form of a latent Image on the Image storage panT 
separating the radiation Image storage panel from the fluorescent sheer 

irradiating the Image storage panel with stimulating light in a visible or infrared region to excite the phosphor 

me forr^ o7a°llght; " ^ ^ ^ " " ^ * 

collecting the light released from the storage panel by light-collecting means- 
converting the collected light Into a series of electric signals; and 
producing an image corresponding to the latent Image from the electric signals. 

37. The method of claim 38, In which each of the fluorescent sheet and radiation image storage panel Is eaulooed 

M ' ^m^^Z^V^T e T P ? a '™ 9 a radlat, ° n ima9e atora ° e ** n * a " d a ""orescent sheet. the fluores- 
TrS^rl^T Q P ,° SP Wh ' Cb abS ° rbS a ratimon ene W and emite a »8"t of ultraviolet or visible region 
SL nl!~ < k ! SB T™ 9 * Pane ' conta,nlnfl a P h06 P" 0r w ""ch absorbs the light emitted by the phosphor or 
the fluorescent sheet to store therein energy of the absorbed light and releases the stored ene^y in theS of a 
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light upon Irradiation with a light or visible or Infrared region. 

99. The device of claim 38, in which the radiation Image storage panel has a thickness less than that of the fluorescent 
sheet. 

40. The device of claim 38, In which the radiation Image storage panel has a thickness in the range of 0.2% to 20%, 
based on that ot the fluorescent sheets. 



41 . The device of claim 38, In which at least a portion of the radiation image storage panel is colored with a dye which 
absorbs at least one of the stimulating rays, a light released from the radiation Image storage layer, and a light 
released from the fluorescent sheet. * 

42. The device of claim 38, In which the fluorescent sheet has on a surface thereof a protective layer and the radiation 
Image storage panel has on a surface thereof a protectee layer, the former protective layer showing a row of 
electrification corresponding to that of the latter protective layer. 

43. THe device of claim 38, In which the phosphors In the fluorescent sheet and the radiation image storage panel are 
all In the form of particles, the phosphor In the storage panel having a mean diameter equal to or less than that of 
the phosphor In the fluorescent sheet. 

44. The device of claim 38, In which the radiation Image storage panel shows an absorption coefficient for the light 
released from the phosphor In the fluorescent sheet as much as twice or more that of the fluorescent sheet for the 
Irradiated radiation. 

45. The device of claim 38, In which the fluorescent sheets comprises aclcular phosphor particles arranged vertically 
or comprises partitions defining the layer on a plane thereof and phosphor-containing areas enclosed with the 
partitions. 

46. The device of claim 38, in which each of the fluorescent sheet and the radiation image storage panel is equipped 
oo with means containing Information on the sheet or the storage panel. 

47. The device of claim 36, in which the phosphor contained In the fluorescent sheet has a density of 6 0 g/cm 3 or 
more, or the fluorescent eheet has a density of 4.0 g/cm 3 or more. 
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The device of claim 38, In which the light released from the phosphor contained in the radiation image storage 
panel shows a secondary stimulating spectrum overlapping with an emission spectrum or the light released from 
the phosphor contained In the fluorescent sheet at 70% or more. 



49. The device of claim 38 f in which each of the fluorescent sheet and the radiation Image storage panel comprises 
phosphor partldes and a binder, provided that each of a ratio of the binder to the phosphor In the fluorescent sheet 
and a ratio of the binder to the phosphor In the storage panel Is 1 or more, and the former ratio Is equal to or laraer 
than the latter ratio. * 

50. The device of claim 38, In which the radiation Image storage panel or the fluorescent sheet has a light-reflecting 
support or a composite of a support and a diffuse-reflecting layer. 

51 . A radiation Image storage device comprising a fluorescent sheets placed on a radiation Image storage panel the 
fluorescent sheet containing a phosphor which absorbs a radiation energy end emits a light of ultraviolet or visible 
region, and the radiation image storage panel containing a phosphor which absorbs the light emitted by the phos- 
phors of the fluorescent sheet to store therein energy of the absorbed light and releases the stored energy In the 
form of a light upon Irradiation with a light of visible or Infrared region. 

52. A method for storing and reproducing a radiation Image which comprises the steps of; 

providing a radiation Image storage panel comprising a fluorescent layer and a radiation image storage layer 
the fluorescent layer containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet 
or visible region, end the radiation Image storage layer containing a phosphor which absorbs the light emitted 
by the phosphor of the fluorescent layer to store therein energy of the absorbed light and releasee the stored 
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energy In the form or a light upon Irradiation with a light of visible or Infrared region; 

applying onro the storage panel e radiation having penetrated through an object' a radiation having been 

emitted by an object, or a radiation having been scattered or diffracted by an object, so as to store energy of 

the applied radiation In the form of a latent Image on the Image storage layer of the storage panel; 

Irradiating the image storage panel on the side of Image storage layer with stimulating light in a visible or 

Infrared region to excite the phosphor In the storage layer so that the energy stored In the storage layer In the 

form of a latent image is released In the form of a light; 

collecting the light released from the storage layer by light-collecting means; 

converting the collected light into a series of electric signals; and 

producing an image corresponding to the latent Image from the electric signals. 

53. A radiation image storage device comprising a fluorescent layer end a radiation Image storage layer, the fluorescent 
layer containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible region and 
the radiation Image storage layer containing a phosphor which absorbs the light emitted by the phosphor of the 
fluorescent layer to store therein energy of the absorbed light and releases the stored energy In the form of a light 
upon irradiation with a light of visible or Infrared region. 

54. The device of claim 53, In which the radiation image storage layer has a thickness in the range of 0 2% to 20% 
based on that of the fluorescent sheet. ' 

55. The device of claim 53, In which at least a portion of the device Is colored with a dye which absorbs at least one 
of the stimulating rays, a light released from the radiation image storage layer, and a light released from the fluo- 
rescent layer. 
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56. The device of claim 53, In which a selective reflecting layer allowing passage of the light released by the phosphor 
In the fluorescent layer, while reflecting the stimulating light and the light released by the Image storage layer Is 
provided between the fluorescent layer and the radiation Image storage layer. 

57. The device of claim 53, In which the phosphor In the radiation Image storage layer and fluorescent layer are all in 
the form of particles, the phosphor In the storage layer having a mean diameter equal to or less than that of the 
phosphor In the fluorescent layer 



56. The device of claim 53, In which the radiation Image storage layer shows an absorption coefficient for the light 
released from the phosphor in the fluorescent layer as much as twice or more that of the fluorescent layer for the 
55 Irradiated radiation. 

59. The device of claim 63. In which the fluorescent layer comprises acicular phosphor particles arranged vertically or 
comprises partitions defining the layer on a plane thereof and phosphor-containing areas enclosed with the parti- 
tions. r 
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60. The device of claim 53, m which the phosphor contained in the fluorescent layer has a density of 6 0 g/cm3 or 
more, or the fluorescent layer has a density of 4.0 g/cm 3 or more, 

51. The device of claim 53, In which the light released from the phosphor contained In the radiation Image storage 
ayer shows a secondary stimulating spectrum overlapping with an emission spectrum of the light released from 
the phosphor contained In the fluorescent layer at 70% or more. 

62. The devlco of cialm 63, In which each of the fluorescent layer and the radiation image storage layer comprises 
phosphor particles and a binder, provided that each oi a ratio of the binder to the phosphor In the fluorescent layer 
and a ratio of the binder to the phosphor in the storage layer Is 1 or more, and the former ratio Is equal to or laraer 
than the latter ratio. y 

63. Tne devico of claim 53, which has a light-reflecting support or a composite of a support and a diffuse-ref lectlng layer. 

64. A method for storing and reproducing a radiation image which comprises the steps of: 

providing a plurality of cassettes each of which has therein a fluorescent sheet on a front side thereof fluo- 
rescent sheet containing a phosphor which absorbs a radiation energy and emits a light of ultraviolet or visible 
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region and having a thickness differing from each other; 
selecting one of the cassettes ; 

placing a radiation Image storage panel in the selected cassette on a back side thereof, the radiation Image 
storage pane) containing a phosphor which absorbs the light emfrted by the phosphor of the fluorescent layer 
to ©tore therein energy ol the absorbed light and releases the stored energy In the form of a light upon irradiation 
with a light of visible or Infrared region; 

applying onto the front side of the cassette a radiation having penetrated through an object, a radiation having 
been emitted by an object, or a radiation having been scattered or diffracted by an object, so as to store energy 
of the applied radiation In the form of a latent image on the image storage panel; 
10 taking the Image storage panel out of the cassette; 

Irradiating the Image storage panel on the side with stimulating light in a visible or infrared region to excite the 
phosphor In the image storage panel so that the energy stored in the image storage panel in the form of a 
latent Image is released In the form of a light; 

collecting the light released from the Image storage panel by light-collecting means; 
converting the collected light Into a series of electric signals; and 
producing an image corresponding to the latent Image from the electric signals. 

65. The method of claim 64, In which the fluorescent sheet or the cassette Is equipped with means containing infor- 
mation on the sheet or the cassette, respectively, and radiation Image storage panel Is equipped with means 
containing Information on the panel, and the information is read out after the latent image Is stored in the storage 
panel. ^ 
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66. A cassette comprising a casing and a cover plate and having therein a fluorescent sheet fixed on one side thereof 
for encasing therein a radiation image storage panel, In which the image storage panel is kept In contact with the 
fluorescent sheet In the cassette when It Is closed, and the Image storage panel only is taken out of the cassette 
when the cassette Is open, the fluoresceni sheet containing a phosphor which absorbs a radiation energy and 
emits a light of ultraviolet or visible region, and the radiation Image storage panel containing a phosphor which 
absorbs the light emitted by the phosphor of the fluorescent layer to store therein energy of the absorbed light and 
releases the stored energy in the form of a light upon irradiation with a light of visible or infrared region- 

67. A cassette comprising a casing and an elastlcally bendable cover plate and having therein a fluorescent sheet 
fixed on the casing for encasing therein a radiation image storage panel, in which the Image storage panel Is kept 
in contact with the fluorescent sheet in the cassette when it Is closed, and the Image storage panel only Is taken 
out of the cassette by bending the cover plate, the fluorescent sheet containing a phosphor which absorbs a 
radiation energy and emits a light of ultraviolet or visible region, and the radiation Image storage panel containing 
a phosphor which absorbs the light emitted by the phosphor or the fluoresceni layer to store therein energy of the 
absorbed light and releases the stored energy in the form of a light upon Irradiation with a light of visible or infrared 
region. 

66. An apparatus for storing and reproducing a radiation Image utiteing a fluorescent sheet containing a phosphor 
which absorbs a radiation energy and emits a light of ultraviolet or visible region, and a radiation Image storage 
panel containing a phosphor which absorbs the light emitted by the phosphor of the fluorescent layer to store 
therein energy of the absorbed light and releases the stored energy In The form of a light upon irradiation with a 
tight of visible or Infrared region, which comprises: 



a housing having on outer surface thereof a plate with which an object Is kept in contact; 
the radiation image storage panel fixed within the housing In a position facing the plate; 
tho Fluorescent sheet which Is provided in the housing in a position facing the fixed image storage panel under 
such condition that the fluorescent sheet is able to move forward and backward In relation to the Image storage 
50 sheet; and 3 

a light-detecting means which Is placed In the vicinity of the Image storage panel and which Is able to move 
into a space formed when the fluorescent sheet moves backward. 

69. The apparatus of claim 68, In which a light-emitting means for irradiating the radiation Image storage panel with a 
« light for removing a radiation energy remaining In the Image storage panel Is provided in the vtelnlty of an end of 

the Image storage panel In such manner that the light-emitting means emits a light toward a space formed when 
the fluorescent sheet moves backward. 
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70. A process for producing a radiation Image storage device comprising a radiation Imago storage layer and a fluo- 
rescent layer overlaid on ttie storage layer, the fluorescent layer containing a phosphor which absorbs a radiation 
energy and emits a light of ultraviolet or visible region, and a radiation Image storage layer containing a phosphor 
which absorbs the light emitted by the phosphors of the fluorescent layer to store therein energy of the absorbed 
light and releases the stored energy In the form of a light upon irradiation with a tight of visible or infrared region 
which comprises simultaneously casting a solution containing the phosphor of the fluorescent layer and a solution 
containing the phosphor of the Image storage layer so as to prepare a pair of solution layers placed one on another 
and drying the solution layers simultaneously. 

w 
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FIG. 5 
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FIG. 6 
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FIG. 16 
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